Summary. Pancreatic somatostatin cells have been studied in human neonates and adults using an immunoperoxidase technique. Their volume density in the head, isthmus, corpus and tail of the gland has been estimated by morphometry. Somatostatin cells were about 20 times more frequent in the neonate (5% of all pancreatic cells) than in the adult (0.23%). Their distribution between the different zones of the pancreas showed few differences except for the lobe of the head rich in PP cells, where the volume density of somatostatin cells was 40% lower.
The presence of somatostatin in the rat and human endocrine pancreas has been demonstrated by immunocytochemical techniques [5, 11, 17] and confirmed by radioimmunoassay [2, 16] . Ultrastructural studies have subsequently identified the somatostatin containing cells as D cells lying mainly within the islets [8, 14] .
Although the high proportion of endocrine tissue in the pancreas of infants has long been recognized [13] , little attention has been paid, so far, to the contribution of somatostatin cells in this tissue. Two qualitative studies have demonstrated the presence of somatostatin cells in the human fetus [1, 6] . With ultrastructural and histochemical techniques [4, 10] , it has been shown that the islets of neonates or young infants contain a high proportion of non-insulin and non-glucagon cells, most likely corresponding to somatostatin cells. This has been recently confirmed [15] with an immunofluorescence method. This report is a quantitative study of pancreatic somatostatin cells in neonates and in adults.
Materials and Methods
Pancreases were obtained, at autopsy, from 5 neonates born to non-diabetic mothers and from 4 adults without diabetes. The neonates ranged in age from 8 to 15 days and in weight from 2.4 to 3.1 kg. The pancreas weight varied from 2.73 to 2.99 g. Four of the neonates died as a result of cardiac malformation; the cause of death was uncertain for the fifth neonate. The adults were aged 31, 46, 60 and 66 with bodyweights of 45-55 kg; the weight of the pancreas was 80, 75,160 and 88 g. The causes of death were Von Recklinghausen disease, Crohn's disease, renal failure and cardiac failure. The pancreas was removed within 6h after death and carefully dissected from adjacent lymph nodes, fat and vessels. Slices cut through the head, isthmus, corpus and tail were fixed for 24h in Bouin-Allen's solution and embedded in paraffin.
Sections of 5 ~tm thickness were mounted on glass slides with aqueous gelatin, dried for 12h at 60~ and processed by the peroxidase antiperoxidase technique of Sternberger [19, 20] . Rabbit anti-somatostatin serum (a gift of Prof. W. Gepts, Brussels) and rabbit anti-bovine pancreatic polypeptide serum (a gift of Prof. R. E. Chance, Eli Lilly, Indianapolis) were used at dilutions of 1/20,000 and 1/40,000, respectively. Rabbit antiperoxidase bound to horseradish peroxidase (Prof. W. Gepts) was used at a dilution of '/300. To reveal the peroxidase, the sections were treated with a solution of 50mg/100ml 3,3' diaminobenzidine, supplemented with 40 ~tl hydrogen peroxide (30%) per 100 ml [9] . The specificity of the method was assessed by control studies using antisomatostatin serum absorbed overnight at 4~ with an excess (20 ~tg/ml) of cyclic somatostatin (Bachem), pork MC insulin, pork MC glucagon or bovine pancreatic polypeptide (bPP).
In the slice cut through the head, distinction was made between the lobe rich in pancreatic polypeptide (PP) cells [18] and the rest of the gland. A section, adjacent to that processed for somatostatin cells, was treated with anti bPP serum to delineate the limits of the lobe rich in PP ceils. The volume density of somatostatin cells in the whole pancreas was estimated by the point counting method of Chalkley [3] , using a 42 point lattice at a linear magnification of 800 x. The percentage of D cell tissue was obtained by the ratio of the number of hits on D cells to the number of hits on other epithelial cells (excluding thus mesenchymal tissue). In one complete section from the 4 slices of pancreas, one field out of 5, automatically selected by the Eltinor system (Jenoptik, Jena), was systematically examined. It has been reported [21] that the mesenchymal tissue is particularly abundant in the newborn pancreas. Therefore, its volume density was determined by the same technique of point counting on sections stained with hemalun-eosinsafran. This permits correction of the weight of the whole pancreas 0012-186X/80/0018/0251/$01.00 
Results
Numerous cells displaying immunoreactivity with the anti-somatostatin serum were seen in the pancreas of all neonates. Most of these cells (86 + 2%) were located in islets, where they frequently formed a peripheral network; sometimes they were more diffusely distributed and less frequently they were concentrated in a crescent zone at one pole of the islets ( Fig. 1 A-C) . They appeared ovoid or triangular in form with occasional thin processes intermingled with other endocrine cells. As shown in Table 1 , the volume density of somatostatin-containing cells varied only slightly between the different regions of the pancreas, except in the lobe rich in PP cells where it was approximately 40% lower than in the rest of the gland (P < 0.05).
In the adult pancreas, cells reacting with the antisomatostatin serum were also preferentially (90 + 5%) located in islets, at the periphery or along small capillaries (Fig. 1 D) . Their frequency was, however, much lower than in the neonatal pancreas. Table 1 gives a quantitative evaluation of this difference. In all zones of the pancreas, the volume density of somatostatin cells was approximately 20 times lower in the adult than in the neonate. The distribution of these cells between the different regions of the gland was similar to that found in the newborn.
In the present series of neonate and adult pancreases, we have found a volume density of mesenchymal tissue of 26.8 + 5.5% and 15.8 + 8.2%, respectively.
Discussion
Simple examination of pancreatic sections stained for somatostatin reveals a striking difference in the frequency of cells reacting with the anti-somatostatin serum in the adult and in the neonate. Morphometrical analysis shows that the volume density of pancreatic somatostatin cells is about 20 times higher at birth. This measurement of the volume density of somatostatin cells was made relative to the volume of all epithelial cells in the pancreas. To evaluate the total mass of D cells, we have thus corrected the weight of the gland for the contribution of the mesenchymal tissue. However, this evaluation still meets with the problem of a non-homogenous distribution of somatostatin cells between the different zones. By taking the mean volume density of somatostatin cells in the four regions and the mean weight of epithelial tissue, we have estimated that the newborn pancreas contains about 100 mg and the adult pancreas about 190 mg somatostatin cells. The presence of such an important mass of somatostatin cells at birth may suggest that the hormone plays a particular, and so far unrecognized, role during fetal or early extrauterine life. Whether this role includes a paracrine control of the development or of the functional maturation of insulin and glucagon cells remains to be evaluated.
Both in the neonate and in the adult pancreas, the relative volume of somatostatin cells was 40% lower in the lobe rich in PP cells than in the rest of the gland. This emphasizes the different composition of the endocrine tissue located in the pancreatic parenchyma, thought to derive from the ventral and dorsal primordia [7, 12, 18] .
